This paper tests the efficiency hypothesis of the knowledge spillover theory of entrepreneurship. Using a comprehensive database for 63 countries for 2012, we employ Data Envelopment Analysis to directly test how countries capitalize on their available entrepreneurial resources. Results support the efficiency hypothesis of knowledge spillover entrepreneurship. We find that innovation-driven economies make a more efficient use of their resources, and that the accumulation of market potential by existing incumbent businesses explains country-level inefficiency. Regardless of the stage of development, knowledge formation is a response to market opportunities and a healthy national system of entrepreneurship is associated with knowledge spillovers that are a prerequisite for higher levels of efficiency. Public policies promoting economic growth should consider national systems of entrepreneurship as a critical priority, so that entrepreneurs can effectively allocate resources in the economy.
Introduction
Productivity is not only heterogeneous across countries, but also in terms of the factors explaining productivity differences between and within territories over time (Barro, 1991) . A natural presumption is that technology plays a decisive role in shaping territorial productivity. However, when we look at productivity among rich and poor countries the picture gets less clear. It is not obvious that the answer is just technology.
The most significant reason against blaming the gap in productivity growth on technology is that most developing countries have access to advanced technology. For example, data from the World Bank 1 reveal that the deepening of the cellular technology has grown in most countries, thus cell phone devices are available today, regardless of the stage of development of the country. Nevertheless, the use of advanced technologies in developing countries is hampered by the limited capacity of these economies to create support structures to efficiently use technological devices or tools (e.g., cell tower networks or bandwidth capacity).
In this context, at the country level we argue that productivity differences do not result exclusively from technology gaps, but also from differences in efficiency (Färe et al., 1994; Boussemart et al., 2003; Mahlberg and Sahoo, 2011) . From an economic perspective, efficiency-in terms of input usage or output production-is related to the coefficient of resource utilization introduced by Debreu (1951) and further developed by Farrell (1957) , and is represented by a distance function which captures efficiency differences that originate in factors other than differences in technology.
Efficiency is a key concept in economics. For example, in the field of economic growth productivity changes can be decomposed into technology and efficiency:
efficiency measures how effectively given technology and factors of production are actually used in an economy. The link between economic theory and efficiency measures based on distance functions now seems more evident: irrespective of the amount and quality of production factors, if available input factors are not combined efficiently a country will be off of the production possibilities frontier. While a large literature now exists on distance functions (see e.g., Cooper et al., 2011) , the analysis of the impact of entrepreneurship in shaping territorial efficiency remains, to the best of our knowledge, empirically untested. This paper seeks to gain a deeper understanding of efficiency differences at country level by connecting knowledge diffusion and entrepreneurship in endogenous growth models (Braunerhjelm et al., 2010) and the knowledge spillover theory of entrepreneurship (Acs et al., 2009 ).
Three core conjectures derive from the knowledge spillover theory of entrepreneurship. First, the knowledge hypothesis states that, ceteris paribus, entrepreneurial activity will tend to be greater in contexts where investment in knowledge are relatively high, since new firms will be started from knowledge that has spilled over from the source producing that new knowledge (Audretsch et al., 2006) .
Second, the commercialization efficiency hypothesis predicts that the more efficiently incumbents exploit knowledge flows, the smaller the effect of new knowledge on entrepreneurship (Acs et al., 2009) . Finally, entrepreneurial activities would likely decrease in contexts characterized by higher regulations, complex administrative barriers and governmental intervention (Pekka et al., 2013) .
Empirical analysis provides strong support for the knowledge hypothesis (Anselin et al., 1997) , while the commercialization efficiency hypothesis has yet to be tested directly, existing evidence is inconclusive. Audretsch et al. (2006) suggest that a region's investment in physical capital 'represents the pursuit of economic opportunities 4 within incumbent firms rather than in start-ups', but the authors find no statistically significant relationship between knowledge spillovers and capital investment. In contrast, arguing that patents indicate incumbents' effort to monopolize the knowledge that would otherwise seed new firms, Acs et al. (2009) find that the rate of selfemployment is lower in countries where number of patents is greater. The ambiguity of the results concerning the efficiency hypothesis likely reflects the difficulty of measuring the firm's commercialization efficiency (Sanandaji and Leeson, 2013 (Morck et al., 2004) . In these countries a large number of relatively efficient businesses accumulate market potential, and performance of new businesses does not differ from that of incumbent ones which exploit knowledge spillovers. On contrary, if businesses in the economy are inefficient at exploiting knowledge entrepreneurial activity should be present.
The empirical application an international sample of 63 countries for 2012 and we use input data from the Global Entrepreneurship and Development Index (GEDI)-which captures the multidimensional nature of the country's entrepreneurship ecosystem-and macroeconomic data from the World Bank databases. We use a Data Envelopment Analysis (DEA) frontier method (Cooper et al., 2011) to directly test the efficiency hypothesis. DEA is a complex benchmarking non-parametric technique that, through linear programming, yields a production possibilities frontier that approximates the technology of the analyzed units. The flexible nature of DEA models is especially appealing for applications in diverse and heterogeneous contexts (Grifell-Tatjé and Lovell, 1999; Epure and Lafuente, 2015) . The second stage proposes a cluster analysis that introduces country-specific factors unconnected to the DEA model that might explain performance differences across the analyzed countries.
The results indicate that a specification that includes the national system of entrepreneurship to model the country's technology significantly contributes to explain efficiency differences. The findings give support to the efficiency hypothesis of the knowledge spillover theory of entrepreneurship. Among the analyzed countries, we find that average inefficiency is 61.68%-which represents the average output expansion that can be achieved to reach the efficiency frontier-and that inefficiency is greater in less developed countries. Although inefficiency widely varies across countries, knowledge investments and friendly environmental conditions to do business are conducive to efficiency, irrespective of the country's stages of development.
The following section presents the theoretical underpinning. Section 3 describes the data and the methodological approach. Section 4 presents the empirical findings,
and Section 5 provides the discussion and concluding remarks.
Theoretical underpinning and hypothesis formulation
The more recent advance-endogenous growth theory-has been based on the emergence of research and development based models of growth, in the seminal papers of Romer (1990) and Aghion and Howitt (1992) . These economic models explicitly aim to explain the role of technological progress in the growth process. R&D based models 6 view technology as the primary determinant of growth and treats it as an endogenous variable. These models add the stock of ideas to the traditional inputs of physical capital and labor. For example, Romer (1990) 
where, ϕ is the elasticity of research productivity of research workers, and measures the elasticity of inter-temporal knowledge spillover from the past on current research efforts (standing on the shoulders of giants). Romer assumed a particular form of the knowledge production function. The key restrictions made by Romer in his model are 1 and 1, which makes Å linear in A and hence generates growth in the stock of
That is, the growth rate of the stock of knowledge depends positively on the amount of labor devoted to R&D. This key result has important policy implications: Productivity not only differs between countries and it also changes within countries over time. A natural presumption is that technology plays a decisive role in this as we saw above. However, when we look at productivity among rich and poor countries the picture gets less clear. It is not obvious that the answer is just technology.
But if differences in technology do not explain differences in productivity what does?
The most significant reason against blaming the gap in productivity growth on technology is that most developing countries access advanced technology (e.g., cell phones). Nevertheless, although advanced technologies are available in most developing economies, these countries lack appropriate support structures that allows at efficiently using technological devices or tools (e.g., cell tower networks, bandwidth capacity).
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We argue that the other source of productivity differences come from efficiency.
Efficiency is an umbrella concept used to capture anything that accounts for productivity differences that originate in factors other than differences in technology.
P T E
where P is a measure of productivity, T is a measure of technology, and E is a measure of efficiency. .31) . The point for us is that unless the gap in technology is extremely large the differences in productivity will result from efficiency differences. As we 9 increase the number of years in the technology gap the efficiency gap would continue to remain larger.
So what accounts for the large differences in efficiency between countries?
These efficiency differences are about how the production factors and technology are combined. In our view efficiency differences come from differences in institutions as they set the rules of the game and from entrepreneurship that responds to these incentives, * E I C , where E is efficiency, I is institutions and C* is entrepreneurship by individuals. We now turn to developing a methodology for measuring institutions and agency as they may affect productivity across countries from a systems perspective where C T NSE , where NSE measures the national system of entrepreneurship.
The national system of entrepreneurship (NSE) refers to the combined effect of individual entrepreneurial initiatives and the context in which these initiatives operate.
By definition, the 'National System of Entrepreneurship is the dynamic, institutionally embedded interaction between entrepreneurial attitudes, abilities, and aspirations by individuals, which drives the allocation of resources through the creation and operation of new ventures ' (Acs et al., 2014, p. 479 ).
The analysis of the NSE permits to capture various inter-connected effects related to territorial economic performance. First, the NSE depicts the territory's capacity to mobilize available resources-in the form of interactions between individuals' attitudes, aspirations, and abilities-to the market through new business formation processes. Second, the NSE portrays the interactions between entrepreneurial human capital and accumulated knowledge and the multifaceted economic, social, and institutional contexts in which individuals develop their entrepreneurial activity. Finally, the NSE contributes to understand how entrepreneurial activity fuels territorial economic productivity through the efficient allocation of resources in the economy.
The relevance of the national systems of entrepreneurship flows from the recognition that entrepreneurship is a vital component present in any economy to a larger of lesser extent. Therefore, the systematic analysis of countries' efficiency including variables that account for the effects of entrepreneurial activity-i.e., through the national systems of entrepreneurship-helps not only to enhance the analysis of the factors that contribute to explain economic performance, but also to provide policy makers with valuable information on the economic contribution of entrepreneurship.
Based on the deductions resulting from the theoretical arguments that underpin this study we hypothesize:
H1: The inclusion of the national system of entrepreneurship for modeling the country's technology contributes to explain efficiency differences across countries, relative to model specifications that do not incorporate national systems of entrepreneurship in the country's production function.

Data and Method
Data
The data used to carry out this study come from several sources. First, data on the macroeconomic figures of the analyzed countries were obtained from the World Bank databases. Second, variables related to the country's demographic, educational and economic conditions, as well as to the entrepreneurial activity used to estimate the Global Entrepreneurship and Development Index (GEDI) were obtained from different sources, including the Global Entrepreneurship Monitor (GEM) adult population surveys, the Global Competitiveness Index (GCI), and the Doing Business Index. The GEDI scores were computed for 66 countries for 2012. Due to the lack of reliable information, Ethiopia, Taiwan, and Egypt were excluded from the analysis. Thus, the final sample comprises information for 63 countries. Pakistan, Singapore, Thailand), and 11 African countries (Algeria, Angola, Botswana, Ghana, Malawi, Namibia, Nigeria, South Africa, Tunisia, Uganda, and Zambia).
Efficiency Analysis
When dealing with multiple inputs yielding multiple outputs, efficiency literature usually makes use of Data Envelopment Analysis (hereafter DEA) frontier methods (Cooper et al., 2011) . DEA is a non-parametric technique that, through linear programming, approximates the true but unknown technology without imposing any restriction on the sample distribution. The fundamental technological assumption of DEA is that any production unit (in our case, country) (i) uses 
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The technology in DEA models has two properties that are worth defining. The first property relates to the returns to scale. In this study the modeled technology exhibits variable returns to scale (VRS) because pure technical efficiency measures (VRS) capture outcomes linked to practices undergone by decision makers in the short term (Chambers and Pope, 1996) . The second assumption deals with the measurement orientation (input minimization or output maximization). The proposed DEA model maintains an output orientation. Business managers are often given output targets and told to produce them most efficiently, that is, with minimum inputs (Sengupta, 1987 (Sengupta, , p. 2290 . To the contrary, in the public sector the workforce and assets tend to be fixed and policy-makers seek to produce the maximal possible output given the resources available (Fare et al., 1994, Tone and Sahoo, 2003) . The following linear program models the described technology and computes the efficiency score for each country (i): 
The technology structure in equation (5) representation of the distance function. For illustrative purposes, suppose that a fictitious country (E) has an inefficiency coefficient of 1.25 . Thus, to operate efficiently and reach the frontier (E*) this country should expand its output by 25%, while keeping its inputs fixed.
-----Insert Figure 1 about here -----Existing research examines countries' efficiency under the premise that labor and capital generate gross domestic product (Fare et al., 1994; Boussemart et al., 2003; Mahlberg and Sahoo, 2011) . In line with these studies the DEA model specification used to compute the world frontier defines an aggregate output (y: gross domestic product) that is produced by three inputs (x): labor, capital, and the national systems of entrepreneurship. Table 1 presents the descriptive statistics for the input-output set.
The gross domestic product (GDP) for the year 2012 is expressed at 2005 prices in million of PPP International US dollars. Labor is measured as the country's number of employees (expressed in millions of workers). Capital is defined as the gross capital formation, which represents the outlays on additions to the economy's fixed assets (public infrastructures, and commercial and residential buildings) plus net changes in the level of inventories held by firms in the economy 3 .
-----Insert Table 1 The novelty of the GEDI index lies on the systemic view of countries' entrepreneurship in which the harmonization (configuration) of the analyzed pillars through the penalty for bottleneck (PFB) determines the country's systems of entrepreneurship (Miller 1986 (Miller , 1996 . Through the PFB method the system performance is mainly determined by the weakest element (bottleneck) in the system. The magnitude of the country-specific penalty depends on the absolute difference between each pillar and the weakest pillar. Also, pillars cannot be fully substituted through the PFB method,
i.e. a poorly performing pillar can only be partially compensated by a better performing pillar. A detailed description of the structure of the GEDI index (variables and pillars) and the index building methodology are presented in the Appendix 2.
Second stage analysis
The second stage proposes a supplementary cluster analysis to further scrutinize how country-specific factors-which are unconnected to DEA scores-relate to efficiency. only deters the economic activity at the country level, but also sheds some light on the quality of countries' entrepreneurial activity. To enhance estimation accuracy, standardized values for the four variables are introduced in the cluster analysis.
-----Insert Table 2 about here -----To attain the second stage analysis, we propose a non-hierarchical cluster analysis (K-means) using the efficiency scores of the entrepreneurship frontier and the variables in Table 2 Table 3 confirm that our approach to examine the sampled countries is appropriate.
-----Insert Table 3 about here -----
Empirical findings
Efficiency analysis
This section deals with the efficiency assessment of the analyzed countries. Table 4 presents the summary statistics of the inefficiency measure computed from equation (5), while the country-specific inefficiency scores are presented in Appendix 1.
Prior to reporting the results of our efficiency analysis we have run an additional robustness check to further corroborate that our approach-even if theoretically correct-accurately represents the countries' technology and is not affected by model specification (Nataraja and Johnson, 2011) . We adopted the regression-based test by Ruggeiro (2005) to corroborate the impact of the input capturing the national system of entrepreneurship (GEDI index) and the significance of correctly introducing it in the countries' technology. This procedure is based on a variable selection approach in which an initial inefficiency measure-obtained from an input set-is regressed against a set of candidate variables. Variable will be deemed relevant for explaining the analyzed technology if regression coefficients are significant and have the correct sign (positive values for inputs and negative values for outputs).
In our case, we first tested whether the input capturing the national system of entrepreneurship should be included in the efficiency model (equation (5) inefficiency in factor-driven countries is the highest (113.83%).
-----Insert and South Africa (39.10%) are the most efficient countries. It should be noted that the inefficiency dispersion is the greatest in this continent and in the remaining eight African countries inefficiency exceeds 90%, which means that-to operate efficiently and reach the frontier-these countries can exploit their available resources to increase their GDP more than 90%.
Behavioral path across economies
This section presents the results of the supplementary cluster analysis. Figure 2 illustrates the positioning of the groups of countries according to their inefficiency and 20 GEDI scores. Overall, the results for both the GEDI and the inefficiency scores are aligned with the path followed by countries based on the analyzed variables.
Results in Figure 2 indicate that five groups emerge from the cluster analysis.
Groups 1 and 2 mostly comprise innovation-driven countries with strong national systems of entrepreneurship and low inefficiency levels. Countries in Group 1 show the lowest inefficiency (17.73%), while average inefficiency in Group 2 is 31.73%.
Additionally, the result of the Kruskal-Wallis test reveals that inefficiency scores for these two groups are not significantly different. From Figure 2 we note that countries in these two groups benefit from a healthier and more stable economy, a regulatory environment conducive to start and run a business, and stronger social capital networks.
-----Insert Figure 2 about here -----Group 3 is mainly formed by efficiency-driven economies (64.29%), and seven out of the 14 countries in the group are European former socialist countries. Performing
Asian countries are also in this group (Japan, Malaysia, and South Korea). In this Group average inefficiency is 61.70%, and the result of the Kruskal-Wallis test indicates that inefficiency is significantly higher at 1% and 5% level than that reported for countries in Groups 1 and 2, respectively. Also, the values of the GEDI index for countries in this are significantly lower at 1% level than those reported for countries in Groups 1 and 2. 
Conclusions and implications
This paper scrutinizes the efficiency hypothesis of the knowledge spillover theory of entrepreneurship. The analysis of the use of available resources by countries is increasingly important in the context of the current economic downturn that affects many economies around the world. Although scholars and policy makers acknowledge the wide array of social and economic advantages resulting from entrepreneurship, the analysis of the relationship between the country's entrepreneurship system and economic efficiency remains unaddressed. In this sense, the debate is open and this study provides evidence that contributes to understand how countries capitalize on their entrepreneurial system.
More concretely, the main contribution of this study relies on the comprehensive efficiency analysis of 63 countries through a non-parametric technique-Data Envelopment Analysis (DEA)-which allows at modeling GDP per head as a function of input variables that can be directly shaped by policy makers. Building on insights from the knowledge spillover theory of entrepreneurship, we compute a world frontier that incorporates into the model the national system of entrepreneurship as a critical input that contributes to explain efficiency differences across the analyzed economies.
Overall, the findings are consistent with the efficiency hypothesis of the knowledge spillover theory of entrepreneurship. Results indicate that country-level efficiency analyses significantly benefit from the incorporation of variables capturing the countries' entrepreneurial system. Additionally, and although inefficiency widely varies across countries, we find that innovation-driven economies show the best efficiency results, while the group of factor-driven countries are the most inefficient.
Regression results support the knowledge commercialization efficiency hypothesis.
While Audretsch et al. (2006) report a positive but non-significant effect of incumbent firms on knowledge filter; our results indicate that the accumulation of market potential by existing incumbent businesses explains country-level inefficiency.
We interpret the results of the study in terms of the benefits of national systems of entrepreneurship. Policy makers often allocate fat sums of public money in policies excessively oriented towards the stimulation of employment, capital and knowledge generation in the economy, such as subsidies to support self-employment and human capital formation and investments in research and development. These policies-rooted in the endogenous growth theory-are conducive to growth and they undoubtedly have translated into significant economic outcomes linked to increased levels of employment and education (Braunerhjelm et al., 2010) . Nevertheless, the national systems of entrepreneurship have not received appropriate treatment as a country phenomenon.
The results of this study are consistent with the argument that, regardless of the stage of development, knowledge formation is a response to market opportunities, and that a healthy national system of entrepreneurship is associated to spillovers in other 23 economic agents that proves itself a prerequisite for endogenous growth. From a policy perspective, our comprehensive analysis fuels the notion that policy should shift from an excessive focus on capital and labor towards designs that match knowledge and capital formation programs with policies that emphasize the need to enhance the national systems of entrepreneurship. Entrepreneurship support programs would become sterile if entrepreneurs navigate in contexts that do not guarantee the effective exploitation of their knowledge. Thus, policy makers need to turn their attention to the development of appropriate national systems of entrepreneurship; and prioritize policies that seek to improve the way through which the national systems of entrepreneurship channel knowledge to the economy and create economic growth in the long-run.
It must, however, be mentioned a series of limitations to the present study that, Extent of market dominance: "Corporate activity in your country is (1 = dominated by a few business groups, 7 = spread among many firms)"
World Economic Forum
The Global Competitiveness Report 2013-2014, p. 471 Technology Transfer
These are the innovation index points from GCI: a complex measure of innovation, including investment in research and development (R&D) by the private sector, the presence of high-quality scientific research institutions, the collaboration in research between universities and industry, and the protection of intellectual property
The Global Competitiveness Report 2013-2014, p. 22 GERD Gross domestic expenditure on R&D (GERD) as a percentage of GDP, year 2012 or latest available data; Puerto Rico, Dominican Republic, United Arab Emirates, and some African countries are estimated using regional or nearby country data. 
Depth of Capital Market
The depth of capital market is one of the six sub-indices of the Venture Capital and Private Equity Index. This variable is a complex measure of the size and liquidity of the stock market, level of IPO, M&A, and debt and credit market activity. Note that there were some methodological changes over the 2006-2013 time period, so comparison to previous years is not perfect. The dataset is provided by Alexander Groh.* For missing data nearby country data used. For countries having estimated individual data, DCM data are the same way as it is in the case of individual variables (see Table 2 
